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1015-9584/Copyright ª 2015, Asian SuSummary Background/Objectives: Necrotizing soft-tissue infections (NSTIs) are severe and
rapidly progressive infectious conditions. We herein describe the clinical characteristics,
microbiology, and prognosis factors of NSTIs in New Caledonia.
Methods: All patients admitted for confirmed NSTIs at the only surgical facility in New Caledo-
nia from January 2008 to July 2013 were retrospectively included. Factors associated with
mortality were analyzed by multivariate risk regression.
Results: Over the period under review, 67 patients were studied (annual incidence rate, 6.1/
year/100,000 inhabitants). The overall mortality rate was 24%. Melanesian people (n Z 47;
70%) were more affected than other ethnic groups (n Z 20; 30%; p Z 0.001). The mean age
was 54 years, and men were predominantly affected (nZ 46; 69%). The most common comor-
bidity reportedwas diabetesmellitus (nZ 24; 36%). Nonsteroidal anti-inflammatory intake prior
to admission was reported in 14 cases (21%). Lower limbs were the most commonly affected
anatomical sites (nZ 36; 54%). At least one pathogen was identified in 31 cases (46%), whereas
polymicrobial flora was found in 26 cases (39%). No bacteria were isolated in 10 cases (15%).
Streptococcus pyogeneswas themost frequently isolated bacterium (nZ 21; 32%). Factors asso-
ciated with mortality were use of norepinephrine [odds ratio (OR) 25.6; 95% confidence interval
(CI) 4.8e135.8] and presence of two comorbidities (OR 8.6; 95% CI 1.7e42.3).ng authors declare no conflicts of interest.
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microbiology, and prognostic factorsConclusion: NSTIs are particularly frequent in New Caledonia. Local health care workers
should have a high index of suspicion for the disease to initiate surgical and medical treat-
ments early.
Copyright ª 2015, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Necrotizing soft-tissue infections (NSTIs) are severe and
rapidly progressive infectious conditions, which depending
on the clinical form can involve subcutaneous tissues, fas-
cias, and/or muscles.1 Management of NSTIs relies on rapid
surgical debridement and broad-spectrum antibiotic ther-
apy.2 Precocity of diagnosis is one of the main prognosis
factors.3 However, the early stages of the disease are often
misdiagnosed due to the absence of specific clinical fea-
tures. In addition, several other factors have been shown to
influence mortality, including underlying condition,
advanced age, or bacterial virulence, such as invasive group
A Streptococcus.4 The objectives of this study are to
describe the epidemiology, clinical presentation, and
microbiological characteristics of this condition in New
Caledonia and to evaluate the determinants of mortality
associated with this surgical emergency.
2. Methods
2.1. Setting
New Caledonia is a French-administered overseas territory
in the South Pacific. The indigenous Melanesian community
represents 45% of the 252,000 inhabitants.5 Half of the
population lives in the capital city of Noume´a. The popu-
lation has good access to the health care system of Euro-
pean standards. People diagnosed with severe infections in
New Caledonia are usually referred to the single tertiary
center (482 beds) based in Noume´a. The climate in New
Caledonia is marked by a cool and dry season (from June to
September) and a warm and wet season (from December to
March).
2.2. Patients and data collection
Medical records were retrospectively screened to identify
all patients hospitalized with confirmed NSTIs (Interna-
tional Classification of Diseases, 10th Revision) from January
1, 2008, to July 31, 2013. The following operative findings
were used for definitive diagnosis: the presence of grayish
necrotic fascia and/or adjacent subcutaneous soft tissues,
lack of bleeding of those tissues during dissection, and the
presence of foul smelling pus. The variables that were
examined included age, sex, ethnic group, type and num-
ber of comorbidities, diagnosis at admission, time from
admission to first operative debridement, portal of entry of
infection, anatomical site of infection (central or periph-
eral), and type of symptoms at the time of admission.a P, et al., Necrotizing soft-tissue
, Asian Journal of Surgery (2015),Tissue samples obtained at the first surgical treatment were
cultured and their results were recorded. Patient outcomes
were also documented, which included number of opera-
tive debridements, need for amputation, the duration of
hospitalization, time spent in intensive care unit (ICU), and
the in-hospital mortality rate. Data from medical records
were considered missing when they were not mentioned by
the practitioner. The disease was classified into two types
according to the culture results.1 Type II NSTI included all
cases caused by Streptococcus pyogenes either alone or in
combination with other bacteria. All other cases were
categorized as Type I.
2.3. Ethical considerations
The study was approved by the Institutional Review Board
of Centre Hospitalier Territorial. Informed consents were
not obtained from the patients, as this was a retrospective
study. All data were anonymized.
2.4. Statistical analysis
Data were analyzed using STATA Statistical Software:
Release 12 (StataCorp LP College Station, TX, USA). Median
and range were used for quantitative variables that were
not normally distributed, and mean and 95% confidence
interval (CI) were used for normally distributed variables.
Categorical variables were tabulated using frequencies and
percentages. The Chi-square test was used for testing the
significance of associations between categorical variables.
Group differences were tested using the unpaired Student t
test in cases of normal distribution and the nonparametric
ManneWhitney U test in cases of skewed distribution.
Crude and adjusted relative risks (RRs) and 95% CI were
calculated. Multiple logistic regression models were con-
structed to identify independent factors associated with
mortality. Initial regression models were first constructed
including all variables for which the p value (or the RR) was
less than 0.05 and the RR was more than 1.1 or less than
0.90 in the univariate analysis. If two or more factors were
highly correlated, only the most plausible one (from the
literature) or the one with the fewest missing values was
included in the model. To simplify the model, variables
were removed one at a time depending on the significance
test (p < 0.05) by the likelihood ratio test.
3. Results
Sixty-seven patients admitted for confirmed NSTI were
included in the study over the period under review.infections in New Caledonia: Epidemiology, clinical presentation,
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Table 2 Physical findings and localization in patients with
necrotizing soft-tissue infections, New Caledonia,
2008e2013.
Physical findings Frequency
n (%)
Edema 52 (78)
Pain 51 (76)
Erythema 48 (72)
Bullae formation 26 (39)
Warm skin to palpation 20 (30)
Skin induration 6 (9)
Skin necrosis 6 (9)
Crepitus 4 (6)
Sensory and motor deficits 1 (1)
Fever (temperature > 38C) 27 (40)
Localization
Lower limb 36 (54)
Upper limb 6 (9)
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+ MODELDemographic, clinical, and biological findings are summa-
rized in Table 1. The calculated incidence was 6.1/100,000/
year and Melanesian people were the most affected. No
seasonality was found. There were 46 men and 21 women
with a mean age of 54 years (range 44e70 years). Melane-
sian people were affected more often than other ethnic
groups (n Z 47 vs. n Z 20; p < 0.001). Conditions predis-
posing to NSTI included immunosuppressive treatment
(n Z 20; 30%); immunosuppressive disease (n Z 33; 49%)
including diabetes mellitus (n Z 24), cancer (n Z 6), and
chronic liver disease (n Z 3); and peripheral vascular dis-
eases (n Z 19; 28%). Immunosuppressive treatments were
as follows: corticosteroids (n Z 10), nonsteroidal anti-
inflammatory drugs (n Z 11), and chemotherapy (n Z 9).
A total of 35 patients (52%) had no comorbidities and 11
(16%) patients had two or more comorbidities. Infectious
entry pathway was found in 26 (39%) cases, including ab-
scess or wound (n Z 31; 46%), trauma (n Z 5; 8%), and
postoperative infection (n Z 13; 19%).Table 1 Demographic characteristics, comorbidities, and
outcome in patients with necrotizing soft-tissue infections,
New Caledonia, 2008e2013.
Variables Total
(N Z 67) a
Type I b,c
(N Z 36)
Type II a
(N Z 21)
Sex
Male 46 (69) 26 (72) 15 (71)
Female 21 (31) 10 (28) 7 (33)
Age (yr) 54 (44e70) 56 (45e70) 52 (43e69)
Ethnicity
Melanesian 47 (70) 22 (61) 14 (67)
Polynesian 13 (19) 9 (25) 5 (24)
European 6 (9) 4 (11) 2 (9)
Other 1 (2) 1 (3) 0
Comorbidities
Diabetes mellitus 24 (36) 16 (44) 7 (33)
Peripheral vascular
disease
13 (19) 8 (22) 4 (19)
Cancer 6 (9) 4 (11) 2 (9)
Chronic liver disease 3 (4) 1 (3) 1 (5)
Immunosuppressive
treatment
20 (30) 7 (19) 7 (33)
Outcome
Death 16 (24) 10 (28) 6 (29)
Use of vasopressors 15 (22) 8 (22) 5 (24)
Amputation
performed
4 (6) 2 (5) 2 (9)
Number of wound
debridements
4 (1e7) 4 (1e7) 4 (2e6)
Intensive care unit
length of stay
4 (2e13) 4 (3e13) 5 (2e12)
Duration of
hospitalization (d)
35 (7e60) 34 (7e59) 36 (8e60)
a Values presented as n (%) or mean (range).
b Values presented as n (%).
c Patients with no identified bacteria (n Z 10) are not
included.
Central 13 (19)
Infections entry pathway 26 (39)
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tients but one and scan images demonstrated subcutaneous
tissues infiltrations in 21 (70%) patients, collections in 17
(57%) patients, gas in the soft tissues in eight (27%) pa-
tients, myositis in two (7%) patients, and deep vein
thrombosis of the right leg in one patient. Necrotizing
fasciitis was diagnosed in 24 (36%) cases within the first
24 hours after admission. Lower limbs were the most
commonly affected anatomical sites (n Z 36; 54%) and the
trunk was involved in three cases (5%). The most common
clinical findings (Table 2) on admission were edema
(n Z 52; 78%), pain (n Z 51; 76%), and erythema (n Z 48;
72%). Abscess was identified as the portal entry in three
cases (5%).
At least one pathogen was identified in 57 cases (85%),
whereas polymicrobial flora was found in 26 cases (39%). No
bacteria were isolated in 10 cases (15%). S. pyogenes was
the most frequently isolated bacterium (n Z 21; 32%),
either alone (n Z 14) or in combination with Staphylo-
coccus aureus (n Z 7; Tables 3 and 4). Among all patients,
Type I and Type II infections were identified in 36 (54%) and
21 (31%) cases, respectively. Bacteremic infections were
documented in 19 patients (28%).Table 3 Single organisms found in patients with necro-
tizing soft-tissue infections, New Caledonia, 2008e2013.
Single organism
(n Z 31)
Frequency
N (%)
Streptococcus pyogenes 14 (45)
Streptococcus species 6 (9)
Staphylococcus aureus 5 (9)
Klebsiella species 4 (9)
Anaerobes 1 (4)
Pseudomonas aeruginosa 1 (4)
infections in New Caledonia: Epidemiology, clinical presentation,
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Table 4 Multiple organisms found in patients with
necrotizing soft-tissue infections, New Caledonia,
2008e2013.
Multiple organisms
(n Z 26)
Frequency
n (%)
Aerobes (Gram positive)
Streptococcus pyogenes 7 (27)
Staphylococcus aureus 6 (23)
Streptococcus species 6 (23)
Aerobes (Gram negative)
Klebsiella pneumoniae 3 (11)
Escherichia coli 3 (11)
Pseudomonas aeruginosa 3 (11)
Enterobacter cloacae 2 (8)
Serratia marcescens 1 (4)
Acinetobacter baumannii 1 (4)
Anaerobes
Enterococcus species 3 (11)
Citrobacter koseri 1 (4)
Bacteroides fragilis 1 (4)
Bifidobacterium species 1 (4)
Clostridium perfringens 1 (4)
4 P. Kha et al.
+ MODELMortality rate was 24% (16/67 patients died). Factors
associated with mortality included use of norepinephrine
[odds ratio (OR) 25.6; 95% CI 4.8e135.8] and presence of
two comorbidities (OR 8.6; 95% CI 1.7e42.3), after adjust-
ing for age, sex, time to surgery, and the need for an
amputation (Table 5). Twelve patients (18%) underwent
hyperbaric oxygen (HBO) therapy, whereas four (6%) other
patients with septic shock received intravenous immuno-
globulins. Time from admission to first operative debride-
ment was 35 hours (range 4e89 hours). Survivors underwent
a mean of 5.6 debridements (range 2e10 debridements).
Amputation was performed to control the infection in four
patients (6%). Time from admission to surgical management
was not associated with the risk of having limb amputation
[RR 0.6 (0.4e1.1); p Z 0.08]. The mean duration of hos-
pitalization was 35 days (range 7e60 days), including 4 days
(range 2e13 days) in ICU (Table 1). No differences were
observed between Type I and Type II infections in terms of
sociodemographic characteristics, comorbidities, clinicalTable 5 Risk factors for mortality in patients with necrotizing
Variable Univariate ana
Relative risk (CI 95%)
Age 3.1 (0.6e4.9)
Sex 1.0 (0.8e1.9)
Diabetes 0.3 (0.1e2.2)
Peripheral vascular disease 3.1 (0.8e4.5)
Two or more comorbidities 10.2 (1.8e34.9)
Time from admission to surgery 0.5 (0.2e5.1)
Amputation performed 1.4 (0.8e1.9)
Use of vasopressor 23.5 (5.8e110.9)
Group-A Streptococcus 0.002 (0.8e10.9)
CI Z confidence interval.
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mortality rate.4. Discussion
To our knowledge, this is the first report describing NSTIs in
the South Pacific region. We found a particularly high
incidence of NSTIs in New Caledonia, compared with
studies performed in similar settings.6 Several factors may
explain this finding. First, all patients with severe soft-
tissue infections diagnosed in New Caledonia and
requiring surgical debridement were admitted in our ter-
tiary care facility, thus providing an accurate incidence
calculation of the disease. Second, diabetes mellitus,
which is a well-known risk factor for NSTI,7 is now highly
prevalent in New Caledonia.8 People are exposed to a
rapidly growing local economy, with subsequent massive
imports of foreign products and radical lifestyle changes,
including food habits. Interestingly, recent intake of
immunosuppressive drugs was commonly reported in our
patients, which may favor the emergence of NSTIs, while
masking symptoms. This high incidence of use of immuno-
suppressive drugs such as corticosteroids or nonsteroidal
anti-inflammatory drugs may be explained by excessive
local consumption to treat symptoms partly due to cultural
interpretation of Western medicine. Similarly, immuno-
suppressive diseases are particularly prevalent in our pop-
ulation, reflecting emerging public health concerns,
including diabetes mellitus and chronic liver diseases.
Third, the warm and wet tropical conditions may favor
environmental survival of pathogens responsible for soft-
tissue infections, including abscess formation. This is
particularly true at the level of the skin where it is known
that high humidity favors bacterial proliferation on the
skin. In addition, the main occupations of rural people are
farming and laboring, which are traditionally performed
barefoot. These occupations could possibly break the
integrity of the skin, thereby predisposing these individuals
to infection. This may explain the sex imbalance, also re-
ported in other series.9 Finally, the high prevalence of
invasive Group A Streptococcus infections recently re-
ported4 may be responsible for frequent NSTIs in New
Caledonia.soft-tissue infections, New Caledonia, 2008e2013.
lysis Multivariate analysis
p Relative risk (CI 95%) p
0.37
0.31 0.6 (0.1e3.1) 0.51
0.59 0.1 (0.01e1.3) 0.08
0.21
0.006 8.6 (1.7e42.3) 0.008
0.49 0.7 (0.1e3.5) 0.65
0.23
<0.001 25.6 (4.8e135.8) <0.001
0.96
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+ MODELEarly diagnosis, adequate resuscitation, broad-spectrum
antibiotics, and aggressive surgical debridement are the four
major principles in the treatment of NSTIs. Although
frequently reported in the literature,1 time from admission
to surgical management was not associated with mortality in
our studied population, revealing a high index of suspicion.
Despite awareness among clinicians in New Caledonia and
prompt surgical management in our patients, a persisting
high mortality rate is found in this study. This finding may be
due to the severity of clinical presentation at admission,
requiring ICU admission in all cases. Unsurprisingly, use of
vasopressor was found to independently affect survival, as
reported in other studies.10,11 Although health care is free
and available, seeking traditional therapies for infections is
common among local people and may have delayed hospital
admission. Amputation rate found in our study was consis-
tent with findings reported in a recent study analyzing risk
factors for limb loss.7 Disability-adjusted life years subse-
quent to amputations remain to be explored, including
potentially devastating economic losses. HBO therapy and
polyvalent immunoglobulins were used in a very few number
of our patients to draw any relevant conclusions on potential
benefits of such treatments. However, recent data showed
HBO12,13 and immunotherapy14 to reduce morbidity and
mortality in NSTIs cases.
Consistent with other published data, the most common
organisms isolated were Streptococci and Enter-
obacteriaceae.10,15 Interestingly, Group A Streptococcus
was identified in blood culture in a significant proportion of
patients. Klebsiella species were identified in six cases. The
association of NSTIs caused by Klebsiella species with liver
abscess has been reported.16 Therefore, all patients diag-
nosed with NSTI due to Klebsiella species should be checked
for liver abscess and treated accordingly. Surprisingly, Vibrio
vulnificus was not identified in our study, although its
infection is common in the South Pacific region.17 This native
marine bacterium causes rare but potentially fatal in-
fections after ingestion or through skin penetration.
The main limitation of the study is the retrospective
design and some important data such as severity scores at
admission, comprehensive clinical pictures, and laboratory
results for estimating Laboratory Risk Indicator for Necro-
tizing Fasciitis Score were missing.18 Despite these limita-
tions, the strict inclusion criteria (operative diagnosis)
allowed us to provide accurate epidemiological figures in a
country where a single facility to manage such surgical
cases is available. In addition, laboratory findings contrib-
uted to better define the types of pathogens involved in
NSTIs in the region. Clinicians in New Caledonia should
remain vigilant when examining any type of soft-tissue in-
fections, to investigate the patients adequately, promptly
start antibiotics, and discuss surgical treatment when
appropriate. Operative debridement should be rapidly
considered in cases where clinical diagnosis of necrotizing
fasciitis is certain and clinical signs of sepsis and hypoten-
sion are present despite intravenous antibiotics. A high
index of suspicion is important to decrease fulminant tissue
destruction, systemic signs of toxicity, and high mortality
associated with this dreaded condition. Ultrasonography,
computed tomography, and magnetic resonance imaging
may be used judiciously to aid in the diagnosis but should
never delay operative intervention.Please cite this article in press as: Kha P, et al., Necrotizing soft-tissue
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